In vitro responses of twelve species of bulbs and conns were compared. Plantlets could be induced directly without intervening callus on stem tissue in nine species, on ovary tissue in five species, and on leaf tissue in four species. In Gladiolus, Hyacinthus, Muscari, Ornithogahim, and Scilla plantlets were formed without growth factors added to the Murashige and Skoog medium. In Hippeastrum, Schizoslylis, Sparaxis, and Ipheion auxin was required. No plantlets could be induced directly on explants of growing tissue of Freesia, Tulipa, or Narcissus. Adventitious plantlets could be induced on pieces of bulb or corm from ten species but such material was difficult to free from contamination.
INTRODUCTION
Until comparatively recently monocotyledonous plants have been regarded as difficult in vitro material. Gautheret (1959) mentions only ten monocotyledons out of the 100-odd species he describes for tissue culture and a number of authors, e.g. Partenan (1963), Carter, Yamada, and Takahashi (1967) , and Krikorian and Berquam (1969) have commented on the alleged refractor}' nature of monocotyledons as regards culture. Within the last eight years, however, an increasing number of monocotyledons have been successfully cultured; these include members of the Gramineae: oats (Carter, Yamada, and Takahashi, 1967) , rice (Yatazawa, Furihashi, and Shimizu, 1967; Nishi, Yamada, and Takahashi, 1968) , wheat (Trione, Jones, and Metzger, 1968) , sorghum (Mastellar and Holden, 1970) , and a number of temperate grasses (Atkin and Barton, 1973) as well as some bulbous and related species: Lilium (Sheridan, 1968) , Asparagus (Wilmar and Hellendoorn, 1968) , Allium (Fridborg, 1971) , Haworthia (Kaul and Sabharwal, 1972) , Gladiolus (Ziv, Halevj 7 , and Shilo, 1970; Simonsen and Hildebrandt, 1971) , and Freesia (Davies, 1971 (Davies, , 1972 .
WITH TWO PLATES IN TEXT
Bulbs and corms belonging to the Liliaceae, Iridaceae, and Amaryllidaceae include species with slow natural propagation, e.g. Hyadnthus and Narcissus, as well as species which proliferate more freely, e.g. Orniihogalum and Ipheion. This paper reports preliminary results of a survey of in vitro reactions of twelve species of bulbs and corms. The purpose was to compare in vitro growth and regeneration between species and families, and also to see if any relation exists between in vitro behaviour and the in vivo propagation rate. Results for some of the species viz. Hyadnthus, Ornithogalum, Freesia, and Gladiolus will subsequently be reported in greater detail.
MATERIALS AND METHODS
Bulbs and corms of the following species and cultivars were obtained mostly from commercial sources.
Liliaceae Tissue obtained from both dormant and growing bulbs was sterilized in 1 per cent aqueous sodium hypochlorite for 30 min and washed twice in sterile distilled water.
Scales and basal plate tissue from bulbs (Liliaceae and Amaryllidaceae)
The lower halves of dormant bulbs were divided by median vertical cuts into four or eight equal sectors according to size. Pieces each containing two scale bases attached to bulb basal plate tissue were separated by tangential cuts. These will be referred to as double scale segments. In addition, pieces of scale tissue and basal plate tissue were excised after removal of the intervening layer that contains the axillary meristems.
Corm pieces (Iridaceae)
Corms were cut horizontally into three or four slices each of which was further cut into segments without axillary buds. Schizostylis has no conn and culture of the rhizome tissue was not attempted. Leaf, stem, and ovary wall tissue Bulbs and corms were planted in pots containing a mixture of three parts vermiculite and one part sphagnum peat saturated with Hoagland's nutrient solution. The pots were placed in a growth room at 15 C C illuminated by warm-white fluorescent tubes for 12 h daily at an intensity of 10 000 lx. The plants were dissected when the stems were beginning to elongate. Explants consisted of leaf pieces 2-3 cm long and stem sections 2-5 mm in height. Ovaries were separated from the florets by cutting horizontally at the level of petal insertion. The explants were immersed in the nutrient agar, base down, to half their height.
Nutrient medium
The basic nutrient medium consisted of the Murashige and Skoog salt mixture together with 2 per cent sucrose, 100 parts 10~6 myo-inositol and 1 part 10~6 thiamin-HCl, solidified •with 0-7 per cent agar. 20 ml of medium were contained in 90-ml polystyrene screw-top jars. Six tissue explants were placed in each jar. Cultures were kept at a constant temperature of 20 °C initially in the dark and transferred to light (1500 lx for 12 h daily) after six weeks.
RESULTS
Storage tissue proved difficult to free from contamination. Bulbs proved more difficult than corms, the open structure of the former allowing entry of microorganisms between the scales where they are difficult to kill with conventional sterilizing agents. Leaf, inflorescence, stem, and ovary tissues by contrast were obtained almost entirety free from contamination.
The reactions of the different organs of the twelve species to the auxins indole-3-acetic acid (IAA), 1-naphtbylacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) at concentrations ranging from 0-008 to 8-0 parts 10~6 are summarized in Table 1 for comparison. With the exception of Gladiolus (see Discussion) cytokinins were without effect.
Plantlets induced directly on parent tissue (a) Storage tissue. Plantlets were induced directly without intervening callus on storage organ tissue from ten of the eleven species tested. In the Liliaceae bulbils were induced on scale pieces on basal medium (Plate 1A). In Tulipa, however, scale pieces could not be cultured free from contamination. In the Iridaceae removal of the main and axillary shoots from sprouted whole corms or corm pieces cultured on basal medium was followed by the formation of multiple adventitious shoots at the site of the wound. This was most successful in Freesia (Plate 1B). Small pieces of Freesia, Gladiolus, and Sparaxis corms produced adventitious plantlets in response to low concentrations of auxin (NAA, 0-03-0-12 parts 10~6).
In the Amaryllidaceae adventitious bulbils were formed freely on basal medium from the tissue layer at the junction of the scales or leaf bases and basal plate. Isolated scale pieces and basal plate tissue did not produce plantlets.
(b) Growing tissue. Plantlets could be induced on developing leaves of the four Liliaceous species: Hyacinthus, Muscari, Ornithogalum, and Sdlla. None could be induced on Tulipa or on the leaves of the Iridaceous or Amaryllidaceous species.
Young, elongating, inflorescence stem proved to be the most consistently reactive tissue, plantlets being obtained directly in nine species. In Gladiolus, Hyacinthus, Muscari, Ornithogalum, and Scilla plantlets formed with basal medium. In Gladiolus and Hyacinthus increased plantlet formation was obtained in response to low concentrations of auxin (see Table 1 ). In Schizostylis, Sparaxis, and Ipheion low concentrations of NAA or moderate concentrations of IAA were required for plantlet formation but the response was erratic especially in Ipheion. In Hippeastrum occasional plantlets were formed on stem pieces in response to medium concentrations of NAA (2-0 parts 10~6).
Plantlets were induced directly on ovar)-wall tissue in all the Liliaceous species except Tulipa, no auxin being required. Addition of auxin to the medium (very low 2,4-D, low NAA, or medium IAA) increased the number of plantlets. Ovary tissue of the Iridaceous species did not produce plantlets and of the three Amaryllidaceous species only Ipheion produced plantlets from this organ.
The speed of induction of in vitro plantlets on leaf, stem, and ovary explants varied considerably according to the species as shown in Table 1 . Ornithogalum was the fastest to react followed by Gladiolus and Sparaxis. In some of the more slowly reacting species the response was erratic, onl)' one in three plants of Schizostylis and one in five of Ipheion giving rise to plantlets.
A B L E .1. In vitro reactions of twelve species of bulbs and corms
Liliacoae
Iridaceae Amaryllidaceae 
Callus formation
Callus was obtained from all species except Tulipa and Hippeastrum. Typically where plantlets formed at zero or low auxin concentration, these gave way to callus as the concentration of auxin was increased (Plate 2c). The exceptions to this were Freesia which formed callus but not plantlets from stem tissue, and Narcissus cv. Cragford which formed callus only on ovary tissue with high concentrations of auxin. No callus could be obtained from any of the other cultivars of Narcissus nor from the species N. pseudonardssus.
The effect of auxin and its concentration on callus formation differed widely. In Muscari and Ornithogalum callus could be induced by IAA as well as all concentrations used of NAA and 2,4-D. The other species required medium to high concentrations of NAA and 2,4-D.
All callus was non-chlorophyllous and typicalty differentiated roots especially on medium and low concentrations of NAA.
The growth rates of the callus varied widely, the average volume-doubling times at 20 °C ranging from just over four weeks for Freesia and Ornithogalum to over twelve weeks for Narcissus and Ipheion.
Recovery of plantlets from callus
Regeneration of plantlets from callus was obtained in the usual way by transfer to media containing less auxin than was necessary to sustain growth of callus alone. This occurred in all species with callus except Gladiolus, Sparaxis, and Schizostylis. Attempts to recover plantlets in these species by addition of kinetin to the medium at concentrations ranging from 0-12 to 8-0 parts 10~6 did not succeed.
Callus, induced and grown on NAA, differentiated plantlets more readity than callus induced and grown on 2,4-D. The only exception to this was Narcissus which produced more abundant and normal looking plants on 2,4-D callus than on NAA callus. (Plate 2B.) DISCUSSION These results provide further evidence that monocotyledons are amenable to in vitro culture and regeneration. Ten out of the twelve species tested here show capacity for regeneration in storage organ tissue and nine show regeneration from other part's of the growing plant. Callus was obtainable in ten species and was totipotent in seven.
The differences in reactions among the twelve species tend to cut across the three families. With the exception of Tulipa which gave no callus arid no plantlets, the Liliaceous plants responded more readily and uniformly than those of the other two families. Callus was obtained from all four members of the Iridaceae but no plantlets could be regenerated from callus in Gladiolus, Schizostylis, and Sparaxis. Plantlets could not be induced directly on stem tissue of Freesia and Narcissus. Callus was more difficult to obtain from the Amaryllidaceae, none from Hippeastrum, and, from Narcissus, only from ovary tissue (in one cultivar) in response to high concentrations of NAA and 2,4-D. Thus within the limits of this restricted survey it is not possible to predict the reactions of a species, given the family.
No simple relation was evident between the natural rate of propagation and the in vitro reactions. Those species with slow natural propagation such as Hippeastrum, Hyacinthus, Narcissus, and Tulipa showed large differences in in vitro regeneration behaviour. Hyacinthus readily regenerated plantlets from almost any organ as well as from callus and was as reactive qualitatively as Ornithogalum which increases quite rapidly in vivo. The speed of in vitro plantlet formation and callus growth, however, paralleled the in vivo propagation rate for these two species. No plantlets could be regenerated from any parts of Narcissus except from the basal meristem using double scale segments, and callus could only be obtained with difficulty from one organ, the ovary wall. Hippeastrum, like Narcissus, showed regeneration from double scale segments but no callus was obtainable and only occasional plantlets from stem segments. In Tulipa no in vitro reaction could be obtained. Ipheion multiplies quite freely under natural conditions but the in vitro reactions were slow and erratic.
Of the Iridaceous species Freesia was the most consistently reactive and abundant plantlets could be regenerated from corm tissue or from callus.
The five cultivars of Gladiolus all regenerated plantlets directly on stem tissue cultured on basal medium but more plantlets were produced in response to low concentrations of NAA (0-008-0-03 parts 10~6). Separate experiments have shown that the number of plantlets could be further increased by adding kinetin at 0-12 and 0-o parts 10~6 to the NAA medium. Higher concentrations of NAA and kinetin produced callus from which no plantlets could be recovered.
The responses of Gladiolus hybrids evidently vary somewhat as regards auxin concentration. Ziv, Halvey, and Shilo (1970) working with cvs Sans Souci and Jo Wagonaar found that the best hormone combination for plantlet initiation on stem sections was 10 parts 10~6 NAA and 0-5 parts 10~6 kinetin. Simondsen and Hildebrandt (1971) on the other hand working with cvs Firmament and Hit Parade found that mixed cultures of callus and plantlets derived from stem tips could be sustained on media containing 0-5 parts 10~6 kinetin and 0-1 parts 10~6 NAA.
It is of significance that regeneration of plants direct from growing parent tissue was obtained in more species (nine) than could be induced from callus (seven). Clonal propagation of hybrid material either for commercial exploitation or breeding purposes depends on maintaining the integrity of the genotype. Most totipotent calluses, however, have proved to be genetically unstable and typically lose their capacity for regeneration on repeated sub-culture. The induction of plantlets direct from parent tissue without intervening callus is therefore of potential value for the in vitro multiplication and storage of given genotypes. Conventional propagation from stem, leaf, and root cuttings has long been known to horticultural practice and a study of the earlier botanical literature shows that the capacity of growing and mature tissues to give rise to adventitious plantlets is widely distributed in the Plant Kingdom. Broertjes, Haccius, and Weidlich (1968) for instance list some 300-odd species of dicotyledons and nearly 50 species of monocotyledons in which adventitious bud formation from leaves is known. It was consideration of these phenomena that led to the idea of totipotenc3' of plant cells during the early part of this century.
Haberlandt 's prediction (1902) that isolated cultured cells could be totipotent has been amply borne out by modern tissue-culture work but the success with callus and suspension cultures has rather diverted attention from the capacity of in vivo tissues to produce new individuals direct. There may be something to be said for the view that provided the appropriate hormonal triggers can be found, living cells of any plant can be induced to form adventitious shoots by de-differentiation. The results on the monocotyledons reported in this paper add weight to that view and justify further research into the morphogenetic factors involved. PABTENAN, C. R., 1963 . Int. Rev. Cytol. 15, 215-43. SHEBIBAN, W. F., 1968 . Planta, 82, 189-92. SIMONSEN, J., and HILDEBBANDT, A. C , 1971 . Can. J. Bot. 49, 1817 TBIONE, E. J., JONES, L. E., and METZGEB, R. J., 1968. Am. J. Bot. 55, 529-31. WILMAB, C, and HEIXENDOOBN, M., 1968 . Nature, Ijond. 217, 369-70. YATAZAWA, FUBUHASHI, K., and SHIMIZU, M., 1967 . PI. Cell Physiol., Tokyo, 8, 363-73. Ziv, M., HALEVY, A. H., and SHU.O, R., 1970 
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A. Plantlets formed directly on pieces of Ornithogalutn bulb scale cultured on basal medium.
B. Cluster of plantlets formed directly on Freesia corm from which the main and axillary shoots have been removed. Corm cultured on basal medium.
C. Bulbils formed directly on stem pieces of Scilla cultured on basal medium.
D. Plantlets formed directly on stem sections of Gladiolus cv. Forest Fire cultured on basal medium plus 2-0 parts 10~6 IAA.
